Introduction
The burden of influenza on children is substantial. Infection rates may exceed 30% in pre-school and school-age children, 1, 2 with day care attendance further increasing the risk of infection. 3 One in four infected children can go on to develop acute otitis media, 4, 5 while complications involving the upper and lower respiratory tract, such as sinusitis and pneumonia, are also common. [4] [5] [6] [7] Hospitalisation rates for children <2 years are comparable with those for adults >65 years, [8] [9] [10] [11] and clinic and emergency room visits for children <5 years may be up to 250 times more common than hospital admissions. 12 Children are also an important vector for the spread of influenza within the community. 13, 14 Despite these observations, immunisation against influenza is not uniformly recommended in children. 15 In the absence of cohesive vaccination programmes, antiviral therapy is an alternative intervention for reducing the burden of influenza in children. Currently, the neuraminidase inhibitors oral oseltamivir and inhaled zanamivir are the recommended antivirals for the management of influenza in children. 16 When used as recommended and early after the onset of symptoms, both agents can significantly reduce the severity and duration of symptoms and risk of associated complications. [17] [18] [19] [20] [21] [22] Although both medications are indicated for use in children, 23 ,24 oseltamivir can be used in younger children (aged ‡1 year versus aged ‡5 years for zanamivir) and the availability of an oral formulation may make it more suitable for use in some children. For optimal clinical benefit, both antivirals must be initiated within 48 hours of the onset of symptoms. For this reason, a diagnosis of influenza must be established early in the course of the illness.
In clinical practice, symptom assessment is the principal method for diagnosing influenza. In children, however, diagnosis may be complicated or delayed by the presence of both typical (e.g. fever, cough, sore throat, rhinorrhoea) and atypical (e.g. abdominal complaints) symptoms 5 that are shared with other common, and often co-circulating, respiratory viruses (e.g. respiratory syncytial virus). 25 Children are also less able to clearly describe their symptoms than adults. While surveillance data on local influenza activity can assist the diagnosis, new strategies to improve the early diagnosis of influenza are urgently required.
A number of rapid influenza tests are now available to assist the diagnosis of influenza. 26, 27 Most are immunoassays, in which nasopharyngeal aspirates or swabs are mixed with substrates that are impregnated with monoclonal antibodies against influenza A and ⁄ or B viral antigens. Results are visualised by colour changes that are indicative of the presence or absence of viral antigen and are typically available within 30 minutes. By providing additional support for the initial clinical diagnosis, these assays have been used to promote the rational use of antiviral agents and discourage the inappropriate prescribing of antibiotics. 28 Rapid influenza testing has also been associated with a reduction in the use of other diagnostic assays and the associated costs. [29] [30] [31] [32] Here, we describe the findings of an observational nonrandomised study that explored the clinical management of children with influenza-like illness (ILI) in Germany. Prescribing habits when rapid influenza tests were and were not performed were assessed.
Methods
A total of 794 office-based paediatricians in Germany were recruited through the mailing list of Roche Germany to participate in the survey. Of these, 705 paediatricians were given access to and performed free-of-charge rapid influenza tests ('rapid test group'). In order to reflect standard practice in Germany (where physicians rarely have access to rapid tests), a control group of 89 paediatricians who were not given rapid tests was also recruited. Educational material discussing influenza in children and the need for quicker and more accurate diagnosis (but not containing reference to antiviral therapy) was provided to all participating physicians by the sponsor. All participating physicians received monetary compensation for conducting the rapid test and ⁄ or documenting clinical signs of infection according to the GOÄ (Gebührenordnung für Ä rzte), the applicable remuneration system for all privately applied medical services in Germany. No incentive was offered to prescribe any particular medication.
Between 15 January 2007 and 30 April 2007, a standardised questionnaire was used to record the clinical management of each child aged 1-12 years who presented to the participating physician with febrile ( ‡38°C) ILI during periods of local influenza activity. This activity was monitored using the RealFlu report that was available to all participating paediatricians via http://www.grippe-online.de. When completing the questionnaire, the paediatricians in both the rapid test and control groups had to record the following information ( In the analysis, only those questionnaires that involved children aged 1-12 years and included information on both the clinical diagnosis and rapid influenza test were considered. Responses were analysed in the overall survey population, the rapid test group and the control group. 
Results
During the survey period, 18 906 questionnaires were completed. Of these, 16 907 were completed correctly (i.e. involved children aged 1-12 years, and included information on both the clinical diagnosis and rapid influenza test) and were included in the survey analysis.
Influenza activity
Over the 15 week study period, influenza A ⁄ H3N2 and A ⁄ H1N1 viruses were prevalent in Germany (89% and 10%, respectively, of clinical isolates tested, according to the sentinel system at the Robert Koch Institute, Berlin, Germany). Influenza B virus activity was low (1% of clinical isolates). Influenza activity peaked during week 7 of the survey period (week commencing Monday 26 February 2007).
Demographics
The demographics of the 16 907 children whose questionnaires were evaluated are shown in Table 1 . The mean age of the overall survey population was 5AE9 years, with slightly more boys presenting than girls. Of the 7277 children in the overall analysis population who provided information on their influenza vaccination status, only 903 (12AE4%) were vaccinated; of these children, 291 (32AE2%) had a rapid test performed and were rapid test positive for influenza. The majority of children in the overall analysis population were healthy (82AE8% without any chronic or pre-existing illness, 13 991 ⁄ 16 907 children), and the most common pre-visit medications prescribed were antipyretics, analgesics and anti-inflammatories (63AE4%, 10 727 ⁄ 16 907 children). Both the rapid test and control groups of children had a similar mean age and other demographics.
Clinical features
The majority (82%) of the children in the overall analysis population presented within 48 hours of symptom onset; 50% presented within 24 hours (Figure 2 ). The most commonly reported clinical symptoms in addition to fever (an entry criteria for all children) were cough (84AE6% of cases), fatigue ⁄ decreased activity (83AE0% of cases), rhinorrhoea (73AE7% of cases) and headache (67AE1% of cases) ( Table 2) . With the exception of rhinorrhoea, clinical symptoms were reported with a similar frequency in the rapid test and control groups (Table 2) .
Clinical diagnoses
A clinical diagnosis that was positive for influenza was the most common outcome for the overall analysis population (56AE8%, 9596 ⁄ 16 907 children) followed by a clinical diagnosis of suspected ILI (41AE4%, 7006 ⁄ 16 907 children). A negative clinical diagnosis was uncommon (1AE8%, 305 ⁄ 16 907 children). In the rapid test group, clinicians were less likely to make a positive or negative clinical diagnosis and more likely to make clinical diagnosis of suspected ILI than in the control group (Figure 3) .
Concordance of the rapid test result with the clinical diagnosis
The concordance between the outcome of the clinical diagnosis and the result of the rapid influenza test for the children in the rapid test group is presented in Figure 4 . Overall, 62AE8% of the children who were clinically diagnosed as influenza positive were confirmed as influenza positive by the rapid test, while 81AE9% of those who were clinically diagnosed as influenza negative were also confirmed as negative by the rapid test. Of the children with clinical diagnosis of suspected ILI, 68AE9% were influenza negative and 30AE6% were influenza positive (although performed, the result of the rapid influenza test was not recorded in 0AE4% of cases).
Physicians' prescribing behaviour
The medications prescribed for the children in the control group (clinical diagnosis only) and rapid test group (clinical diagnosis followed by rapid test) following a positive diagnosis of influenza are shown in Figure 5A . In children where a positive diagnosis of influenza was made on the basis of symptoms alone (control group), symptomatic treatments were the most commonly prescribed interventions (72AE4%, 525 ⁄ 725 children). Oseltamivir was the most commonly prescribed antiviral therapy (24AE6%, 178 ⁄ 725 children). A combination of oseltamivir and symptomatic treatment was prescribed in 9AE7% of cases (70 ⁄ 725 children) where influenza was clinically diagnosed. Amantadine was rarely prescribed (0AE1%, 1 ⁄ 725 children) and zanamivir was not prescribed. In the rapid test group, oseltamivir was the most commonly prescribed medication following a positive test result (60AE1%, 4618 ⁄ 7685 children). Symptomatic treatments were also prescribed for 47AE1% (3623 ⁄ 7685) Figure 3 . Clinical diagnoses for the children aged 1-12 years who were evaluated in the analysis (control group versus rapid test group; clinical diagnosis made before rapid test in the latter). of children. In 16AE3% of children (1251 ⁄ 7685), both oseltamivir and symptomatic treatment were prescribed. Use of amantadine and zanamivir was uncommon [3AE0% (234 ⁄ 7658) and 0AE1% (7 ⁄ 7658) of children, respectively]. The medications that were prescribed for prophylaxis of the family members of the children who formed the control and rapid test groups are shown in Figure 5B . Oseltamivir was more commonly prescribed for the family members of children in the rapid test group who were influenza positive by the rapid test than for those of the children who were influenza positive by clinical assessment only in the control group (11AE5% versus 5AE9%, respectively). Figure 5 (A) also shows the proportion of children in the control group (symptom assessment only) and children in the rapid test group who were prescribed antibiotics. Antibiotics were less commonly prescribed for the children who were influenza positive by the rapid influenza test [3AE5% (271 ⁄ 7658) versus 17AE2% (125 ⁄ 725) for positive diagnosis by symptom assessment alone in the control group]. When influenza was diagnosed clinically or by rapid test, antibiotics were rarely prescribed in combination with oseltamivir in the control (0AE8%, 6 ⁄ 725 children) or rapid test (0AE8%, 65 ⁄ 7685 children) groups. Children in the rapid test group with a negative rapid test result for influenza were most commonly prescribed symptomatic treatment [69AE9% (5689 ⁄ 8141)] and antibiotics [13AE4% (1092 ⁄ 8141)], either alone or in combination, and rarely received antivirals (data not shown). Those in the control group with a negative or suspected clinical diagnosis for influenza also commonly received symptomatic treatment and ⁄ or antibiotics, but were rarely prescribed antivirals (data not shown).
Discussion
The clinical diagnosis of influenza continues to present a challenge for physicians. 33 This assessment examined the influence of rapid influenza testing on the clinical management of children with ILI, and has identified shifts in clinical practice in three key areas.
Firstly, we found that the antiviral medication oseltamivir was more commonly prescribed for children who were diagnosed influenza positive by rapid test (rapid test group) than by clinical assessment alone (control group; 60AE1% versus 24AE6%, respectively). Bonner et al. (2003) reported a similar finding; in their prospective study, the clinical management of children who presented to an emergency department with acute respiratory disease when the results of rapid influenza tests were and were not made available ('physician aware' and 'physician unaware' groups, respectively) was evaluated. 32 For the children who were influenza positive (n = 202), the number of prescriptions for antiviral drugs was significantly higher in the physician aware group than in the physician unaware group [18AE8% (18 ⁄ 96) versus 9AE4% (7 ⁄ 106), respectively; P = 0AE02 for comparison]. These results suggest one of two possible findings: (i) that the decision to initiate antiviral therapy is linked with the level of confidence in the diagnosis of influenza and that physicians have more confidence in the outcome of rapid tests coupled with clinical diagnosis than clinical assessment alone, or (ii) that rapid testing is considered by some to be a requirement for the initiation of antiviral therapy. Although rapid testing is the standard practice in Japan, the latter conclusion appears unlikely, as oseltamivir is recommended for use in patients 'who present with symptoms typical of influenza when influenza virus is circulating in the community'. 23 Whatever the underlying cause, positive rapid influenza tests do appear to increase the use of antivirals. Wider antiviral use may have a significant impact on the disease burden of influenza in children, especially in the absence of widespread vaccination 15, 34, 35 and the suboptimal level of protection afforded, 36 as observed in the current survey. For instance, in clinical studies, oseltamivir not only reduces the severity and duration of symptoms in children, but also the risk of influenza-associated complications, such as otitis media. 18, 37 These actions may also provide wider benefits, by reducing the impact on carers (e.g. work days lost) and healthcare systems (e.g. hospitalisations). The fact that most children (82%) presented within 48 hours of symptom onset is also an important finding, especially as early presentation was not encouraged as part of the survey and both oseltamivir and zanamivir must be started within this period to provide meaningful benefits. We also found that 50% of children presented within 24 hours of symptoms onset. This is a significant observation, since treatment effects with the neuraminidase inhibitors are more pronounced with earlier initiation. 38, 39 Zanamivir was less commonly prescribed than oseltamivir, possibly due to its limited indication in children and the need for inhaled rather than oral administration (which children may find difficult). 24 Physicians rarely prescribed oseltamivir when a child tested negative for influenza by rapid test (1AE3% versus 60AE1% for a positive rapid test), but were more likely to prescribe antibiotics in such cases (13AE4% versus 3AE5%, respectively). Symptomatic relief was often given regardless of the outcome of the rapid test.
Secondly, children who were influenza positive by the rapid test (rapid test group) were also prescribed fewer antibiotics than children who were diagnosed by symptom assessment alone (control group; 3AE5% versus 17AE2%, respectively). Again, a similar observation was made by Bonner et al. (2003) : significantly fewer influenza-positive children in the physician aware (or rapid test) group were prescribed antibiotics than those in the physician unaware (or control) group [7AE7% (4 ⁄ 52) versus 31AE1% (23 ⁄ 74), respectively; P < 0AE001 for comparison]. As previously, this finding suggests that the decision to prescribe antibiotics is influenced by the level of confidence in the diagnosis of influenza and that physicians are more willing to withhold antibiotics when the diagnosis of viral illness is supported by a rapid influenza test. This observation may have important implications for clinical practice, since conserving the utility of antibiotics by limiting inappropriate use is a current healthcare priority. Rapid influenza testing could therefore represent a previously untapped sparing strategy. It is also noteworthy that wider antiviral use in influenza may in itself decrease antibiotic usage by reducing the incidence of secondary complications of bacterial origin, such as sinusitis and pneumonia. 28 In addition to antibiotic usage, rapid influenza testing may also promote the cost-effective use of medications and avoid unnecessary, but often routine, ancillary tests, such as blood examinations, urinalyses and chest radiographs. 31, 32, 40 Thirdly, we noted that the physicians who were able to perform rapid influenza tests (rapid test group) were less likely to make firm clinical diagnoses (e.g. influenza positive, influenza negative) and more likely to make a clinical diagnosis of suspected ILI than physicians who were unable to perform rapid influenza tests (control group). This finding represents a further modification of clinical practice. The fact that the clinical symptoms observed in the two groups were generally similar provides further support for this argument. It is also noteworthy that the symptoms identified by this survey are consistent with those reported previously in studies involving children with influenza. 5 In our survey, 62AE8% of positive clinical diagnoses and 81AE9% of negative clinical diagnoses were supported by the application of a rapid influenza test. The Clearview Exact Influenza A + B assay has a specificity for influenza A and B viruses of 98AE5% and 97AE4%, respectively, and a sensitivity of 81AE7% and 88AE6%, respectively. (Clearview Exact Influenza A + B test Product Monograph) As such, while the test results do not provide a definitive assessment of the accuracy of the clinical diagnosis in the survey, they do suggest that approximately two out of every three positive clinical diagnoses and four out of every five negative clinical diagnoses were correct. It is noteworthy, however, that this impressive level of diagnostic accuracy was still associated with suboptimal clinical management of children with ILI. In a prior study, Peltola et al. (2005) found the accuracy of clinical diagnosis to be considerably lower; only 31AE9% [88 ⁄ 276] of children £13 years who were clinically diagnosed as influenza positive actually had laboratory confirmed influenza. 33 The fact that the latter study was performed throughout the influenza season, not just when influenza was circulating as in the current study, may explain the discrepancy, but further research is warranted.
When interpreting these findings, it should be kept in mind that the raw data used in the above analyses were generated in an observational non-randomised fashion. While acknowledging that this is not a randomised controlled study, it should be noted that the approach employed enabled the rapid accrual of an extensive body of data and that this would not have been possible if conventional approaches had been used; this is evidenced by the previously reported clinical studies on this topic, which were limited to a single centre and involved small numbers of patients. 31, 32, 40 The fact that our findings are consistent with those of these earlier studies provides additional support for the methodology employed. It should also be noted that the number of physicians (and therefore the number of children) in the rapid test group was considerably larger than in the control group. This can be attributed to the fact that interest in participation was much greater when the rapid test was made available.
In conclusion, the findings of this analysis suggest that rapid influenza testing modifies the clinical management of children with ILI by promoting the rational use of antiviral agents and reducing the inappropriate use of antibiotics. These actions may not only improve the clinical management of influenza in children, thereby reducing its burden, but also avoid the emergence of antibiotic resistance.
